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Radiation doseAbstract Purpose of this study to evaluate the usefulness of low dose CT renal stone protocol as a
prime and sole diagnostic tool for assessment of patient with renal colic in consideration with dose
penalty and comparing with other radiological procedures for the timing and decision of line of
management.
Methods: In a period of 36 months between June 2010 and June 2013, a total of 1500 cases admit-
ted to emergency department were subjected to CT examination of the abdomen and pelvis for
investigation of urinary complaint.
Results: Patients ages ranged between 15 and 77 years with average age of 38 ± 2.4 years.
Most of the patients were males with a ratio of 7:3. There is a statically significant difference
regarding radiation dose between regular and low dose techniques with no difference in stone
detectability.
There was a statistically significant difference regarding the time needed for intervention between
CT and combined US/X-ray.
Conclusions: Considering time is of the essence; MSCT renal stone protocol using low dose tech-
nique is crucial in the management of renal stone in acute setting including the diagnosis and man-
agement decision.
 2015 The Egyptian Society of Radiology and NuclearMedicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Abdominal pain is the single most common reason that
patients visit the ER worldwide, accounting for 7 million visits
per year in USA. Differential diagnosis depends upon the type,
site of maximal pain and referral, onset and associated symp-
toms. Prompt and rapid diagnosis is crucial in the management
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experiences nephrolithiasis during their lifetime (12% of men
and 6% of women). Depending on the type of stone, up to
50% of these patients will have a recurrence within 10 years
(1–4). Early intervention decreases complication rate and helps
preserving nephrons especially in diabetics (2). Multislice CT
has emerged as diagnostic tool for initial assessment of
patients with abdominal pain having great probability of uri-
nary stone being the cause of this pain and rapidly becoming
the primary diagnostic tool for these patients replacing ultra-
sound (US) and conventional radiography. Multislice CT has
been used as a diagnostic tool for urinary calculi for nearly a
decade. Lately; many questions have been raised including
the radiation dose and the increasing number of negative
examinations. Its utility in decision making of management
has been increasing as well (2–7).
The aim of this study was to evaluate the usefulness of low
dose CT renal stone protocol as a prime and sole diagnostic
tool for assessment of patient with renal colic in consideration
with dose penalty and comparing with other radiological pro-
cedures for the timing and decision of line of management.
2. Methods
In a period of 36 months between June 2010 and June 2013, a
total of 1500 cases admitted to emergency department were
subjected to CT examination of the abdomen and pelvis for
investigation of urinary complaint proving or excluding uri-
nary stones.
Inclusions criteria:
Patients with clinical suspicion of urinary stone admitted to
emergency department with abdominal pain.
Exclusion criteria:
Pregnancy.
Young patients. We did not perform the examination for
patients less than 15 years.
All patients are subjected to the following:
 Thorough clinical history and examination.
 Laboratory tests including urine analysis, renal functions
and complete blood picture (CBC).
 Multislice CT examination of the abdomen and pelvis using
16 slice (Somatom Siemens CT scanner – Germany).
Preparation: None except mild to moderate urinary bladder
filling mostly through oral fluid intake.
Patient position: Topogram is taken first in AP to map the
exact distance of the CT volume.
A single volume of CT series is taken starting from the level
of diaphragm down to just below the symphysis pubis.
 Prone, foot first.
 kV = 120.
 Scan time 10–12 s.
 Delay 4 s.
 Single breath.
 No gantry tilt. 2 mm cuts.
 Kernel B30f Medium soft.
 Image matrix 256  256.mAs: The first 500 cases (in the period between June
2010 and May 2011) were subjected to regular dose with
effective mAs varying between 200 and 300 and rest of
1000 cases were subjected to low dose technique with
effective mAs: 50.
Image processing: The images were sent to picture archiving
computer system (PACS); Agfa Systems – Belgium; and dedi-
cated workstation. The images are viewed in axial, coronal,
sagittal and oblique reconstruction together with curved mul-
tiplanner and 3D volume rendering techniques. Maximal
intensity and average volume techniques are usually used.
The images are studied by single radiologist, discussed with
the urologist and a consensus is reached regarding the findings.
In 376 cases endoscopic/surgical intervention was done. Rest
of the cases were with stones (624) and the 500 cases were
without stones; the consensus based on radiologist/clinician,
discussion and follow-up in 700 cases were considered the gold
standard.
Reporting: Number, size and average density of all the
stones detected, the state of collecting systems, renal contour,
size, site and shape. Survey of the rest of the abdomen and
pelvis for gross masses or sizable lesions is also done.
Intravenous contrast as a complimentary study was
resorted to in only 6 cases.
The time elapsed between the patient’ first presentation to
the radiology department and the start of interventional proce-
dure/treatment plan is estimated. This was compared with
institutional standard based on X-ray and US which with an
average of 72 h ranged between 48 h and 7 days.
IBM SPSS statistics (V. 21.0, IBM Corp., USA, 2012) and
GraphPad Prism 6 for Windows version 6.03 (GraphPad Soft-
ware, San Diego, CA, USA) were used for data analysis.
3. Results
A total 1500 patients were included in our study. Their ages ran-
ged between 15 and 77 years with average age of 38 ± 2.4 years.
Most of the patients were males with a ratio of 7:3.
One-third of cases (500 patients) showed no evidence of uri-
nary stones. Two-thirds of patients showed stones of variable
sizes and sites. In 700 cases the stones were on the left side.
Most of the stones were ureteric (650 cases). Almost two-
thirds of these cases were in the lower thirds. In 30 cases, the
stones were located in the middle thirds and in 170 cases; the
stones were located within the upper thirds. Renal stones were
seen in 320 cases. Urinary bladder stones were seen in only 10
cases. Multiple stones seen in same patients in different loca-
tion were seen in 30 of cases with urinary calculi Table 1.
Most of cases (62.4%) were treated conservatively. Ure-
teroscopy was done in half of cases with ureteric stones
(31.5% among total number of cases with stones). Percuta-
neous nephrolithotomy was done in only 51 cases. Please refer
to Table 2.
The retrieved stones composition was as follows: 60% Cal-
cium stones, 25% uric acid, 10% mixed and 5% others.
The density of stones using Hounsfield unit ranged between
320 and 1850 HU with an average density of 754 ± 67
(Measured for stones > 3 mm).
Fig. 1 (a) Axial, (b) coronal reformatted and (c) 3D reconstruc-
tion: left renal stones.
Fig. 2 Average intensity coronal reformatted: Right renal stone,
right ureteric double J catheter and urinary bladder stone.
Fig. 3 Curved planner reconstruction of left ureter with distal
third left ureteric stone with left hydroureter.
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struction techniques. A 3D reconstruction improves visibility
of stones. Planning of the plane of PCNL was accurate using
3D and multiplanner reconstruction and helps in minimizing
duration of procedure.
One of our cases ends in nephrectomy for simple ureteric
stone as the management has been delayed for 24 h (patient
gets discharged against medical advice and returned back the
next day with fever and signs of sepsis). This patient was dia-
betic and developed in one-day emphysematous nephritis. It isknown that nephron loss has an exponential relationship to the
degree and duration of obstruction.
Follow-up over a period of 3–9 months was done in 700
cases revealing absence of stones in 500 cases whether sponta-
neously or sequel of intervention, descent of stone in 100 cases
and stationary course for the rest.
The radiation dose varied between 2.4 and 7 mSv with an
average of 5.2 mSv for the first 500 cases and varied between
1.8 and 5.4 mSv with an average of 2.5 mSv for the rest 1000
cases with low dose protocol. There was a statistically signifi-
cant difference with P= 0.002. There was no reduction in
stone delectability by low dose technique as evidenced by clin-
ical judgment, follow-up and consensus.
The time needed for procedure to be started from admis-
sion to ureteroscopy varies between 4 and 24 h averaging
8 h. There was a statistically significant difference as compared
Table 1 The distribution of different stones according to
location.
Location Number Percentage
Kidneys 315 31.5
Ureters Upper third 173 17.3
Middle third 28 3
Lower third 442 44.2
Urinary bladder 10 1
Multiple stones 32 3
Total 1000 100
Table 2 Represent the distribution of cases with stones in
accordance with their chosen line of management.
Line of management Number of cases Percentage
Conservative treatment 624 62.4
Ureteroscopy 315 31.5
Cystoscopy 10 1
PCN 51 5.1
Total 1000 100
Fig. 4 Curved planner reconstruction of right ureter with no
stones or back pressure effects.
Fig. 5 Coronal reformatted image of abdomen and pelvis
showed multiple large right renal stones with large stones at the
pelvi-ureteric junction.
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US with/without IVU with P value = 0.0001 (see Figs. 1–5).
4. Discussion
Renal stones are among the commonest causes of abdominal
pain and in turn among the commonest cause of emergency
room visits in the whole world. Prompt diagnosis is essential
for patients aiming to nephron sparing and improves life qual-
ity. It is important for the community to lessen hospital stay
and diminish costs (1–3).
Originally; ultrasound and X-ray were the major diagnostic
radiological tools for diagnosis of renal stones. Ureteric stones
remained a problem and were difficult to diagnose with accu-
racy. Intravenous urography (IVU) was needed to allow for
better planning of surgical and endoscopic intervention. Again
IVU was almost invaluable in acute conditions and in incidents
of compromised renal functions (4,6–8).
Multislice CT provides accurate, rapid and reproducible
tool for diagnosis of renal stones. The number, shape, size
and density of stones along the urinary tract are easily dis-
played in single CT series in a single breath hold. No IV con-
trast needed. It also can be done in cases of renal failure unlike
IVU (4–11). MSCT has a high sensitivity and specificity for
renal stones, but only minor percentage of stones such as indi-
navir stone or pure matrix stone (2,10,11).
Another major disadvantage is the radiation dose (12–14).
Concerns about radiation dose arise in the end of first decade
of this century with the exponential use of multislice CT.
Because of the ease of use, availability and nature of stone dis-
ease being recurrent, the possibility of having multiple CT
examination is very likely. Since the radiation dose has cumu-
lative effect, overuse should be considered and appropriate
actions should be done. Low-dose protocols have been advised
and were adopted in our institution and in our study for most
of patients. The average dose reached of 2.5 mSv is not differ-
ent from dose measured for IVU studies. In our study; there
were no incidents in which low dose failed to visualize stone
that is otherwise visible in other radiological studies or being
retrieved by intervention. This finding is also concluded by
Sohn et al. stating that no significant difference was found in
the measurement of stone size, Hounsfield units, or SSD
between the low-dose and conventional-dose CT scans. Only
a case report stated that a large calcium oxalate stone was
not visualized in CT renal stone study (12). Radiation doses
in the low dose group ranged between 1.8 and 5.4 mSv with
an average of 2.5 mSv. It is expected that the radiation dose
has an exponential relationship with body mass index. Obesity
triples the radiation dose as concluded by Wang et al. (15).
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ing some fat in the abdomen eased following the ureters mainly
within the pelvis and lower abdomen. Obesity also might be
advantageous in patients undergoing shockwave lithotripsy
(13–19).
In our study we omit using CT for children and pregnant
ladies. The use of low dose CT in pregnancy is controversial.
White et al. suggested that ‘‘Low-dose CT is highly sensitive
and specific for the detection of urinary calculi in the pregnant
population. CT confers a low risk of fetal harm and can
improve patient care when used judiciously”. We had no such
courage and usually revert to US and MRI in selected cases
(20,21).
Another technique modification is the use of prone instead
of supine positions; this allowed better distension of ureters
and is very advantageous in patients having mural ureteric
stones that could be mistaken for urinary bladder stones
(22,23).
Use of 3D reconstruction improves interpretation of stone
shape by urologist. It did not add to diagnostic accuracy of
stone detection in our study. Its value for urosurgeon was
highlighted by Chen et al. (24).
Among our cases; most of ureteric stones were in the lower
third followed by upper thirds with only small percentage of
ureteric stones (5%) which were in the middle thirds. Ordon
et al. also confirmed that the upper and lower parts of the
ureters are the commonest sites for stones to lodge in and that
the claimed narrowing at the crossing of the iliac arteries (25).
The decision of management varies according to many fac-
tors including patient related co-morbidities. If all factors were
nullified, CT helped in decision making by stating the number,
site and size of stones. Shape of stone will add information to
the surgeon performing PCN and making sure that he did not
miss a part of complex or irregular stone that is why Patel et al.
suggested that volumetric measurement is more important
than longitudinal surveillance (5). The density is important.
Dense stones will get benefit of extra-corporeal shock wave
lithotripsy (ESWL). Less dense stones might not benefit of
ESWL (26–31).
Few reports stated that CT may not be beneficial in deci-
sion making. Some authors believe that this may be due to
conservative trend of therapy (8,32). Without CT, all urosur-
geons would be reluctant in going into aggressive intervention.
Despite those limitations, MSCT has proved itself to be
efficient tool in diagnosis of renal stones and it became the pri-
mary diagnostic tool in evaluation of renal colic in all-adult
patients in many institutions including ours (4–11).
5. Conclusions
Considering time is of the essence; MSCT renal stone protocol
using low dose technique is crucial in the management of renal
stone in acute setting including the diagnosis and management
decision. Low dose and prone position during scanning allow
significant dose reduction and technique enhancement
respectively.
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